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flotation 


C-  Ideal  (non*vlrcouf )  thruft  coefficient 

h  Subfcrlrt  denoting  finite  hub 

Integral  defined  by  eouatlon  (2) 

TO 

r  Section  radius 


Proreller  tip  ladlus 
WondlEenrional  rection  radius 

yfon-direnslonrl  hvb  radius 


Z 


X 

16 
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IlUirber  of  blades 
Kydrodynaric  pitch  anfle 
Ideal  efficiency 
Advance  coefficient 
Induced  advance  coefficient 


*Xtan  i$i  ) 


*  ii(X:.z,r.  ,Xh  5  ’’Goldstein  Factor"  or 

"Circulation  Distribution  Factor"  froE 
reference  f8) 
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A^ftraet 


Th#*  ideal  fnon-vlfcouf )  thruft  coefficient 
related  to  e  rar.fe  of  ideal  efflciencier  f  Ty  )  and 
e  ranpe  of  advance  coefflcientf  (A)  1?  calculated 
for  propeileis  havlnf  3*^*5  and  6  Medes  and  having 
hub?  vhor»  cUawetere  are  0.2,  0.3  and  C.V  uf  the 
propeller  diameter. 


Introduction 


The  relaticnehlpf  between  ideal  (non-vlecouf ) 

thruft  coefficient  ideal  efficiency  )^.  and  advance 

coefficient  A  for  prorellerr  having  a  finite  number  of 

Madef  >'Ut  zero  hub  diameter  were  determined  by 

Kramer^  after  eultahly  tranrforiclng  equations  (8)  and 
2 

(11)  of  LBfCh  for  finite  Made  number.  The  rerulta 

obtained  were  baaed  on  Goldstein's^  aolutlon  of  the 

U-  ^ 

potential  problem,  recalculated  by  Lock,  and  Yeatman 
and  Kramer,  himself,  and  extended  by  Kramer  for  large 
values  of  A;  • 

5 

Iftien  Lsrbs  published  a  propeller  design  method 
using  "induction  factors,"  it  became  possible  to  compare 
theoretically  the  circulation  distributions  for  lightly 
and  moderately  loaded  procvliers.  When,  as  a  result  of 


Beferences  are  listed  on  page  5 


I 


this  ccwpsrlron,  it  was  that  tha  condition  of 

noreallty  for  llfhtly  loaded  prorellerr  co\ild  be 

applied  to  moderately  loaded  propellers  with  food 

accuracy «  *11  vas  then  deemed  ru^cessary  to  detarnlne 

the  Goldstein  Pactor  by  more  accurate  methods  than  had 

previously  bean  used,  particularly  for  sections  near 

6 

the  tip  and  for  large  advance  ratios.**  This  vas 
done  by  Tachplndjl  and  Ml  lam 

Noting  the  Increasing  use  of  propellers  with 

7 

relatively  large  hubs,  Tf chmindjl  formulated  and 
solved  the  potential  problem  for  propellers  with  finite 
hub  diameters.  Numerical  evaluations  are  presented  by 
Tachmlnd*!  and  f!ilam.® 

Herein  are  given  relationships  between  ideal 
(nonvlscous)  thrust  coefficient  ideal  tfflciancy 

(»0.50,  0.60,  0.70,  0.80,  0.85,  O.9O,  0.95,  0.97,  0.99) 
and  A  »  Ai  .  Kramer's  work  is  thus  extended  for 
propellers  having  finite  hubs. 

Method  of  Computation 

The  basic  ccuation  for  the  computation  is  Kramer's 
enuation  (1.1)  (notation  is  changad  to  agree  with  that 
in  use  at  the  David  Taylor  Model  Basin) 1 


-2* 


(1) 


(2) 


(Z) 

K 


dX 


wh«rf  C*  *  ideal  thrust  coefficient 


ideal  efficiency 

(Ai,  2,  X,  Xjj)  «  Hcoldstein 
Function"  or  "Circulation  Eistri- 
bution  Factor"  froic  reference  (8) 


I  ti.n 

hydiv^ynarlc  ritch  enfle 
ratio 

nuaiber  of  blades 
t  nondlaensional  section  radius 


Y  -  hi^b  diaineter 
^  nrofellar  diaceter 

h  »  subscrirt  denotinp  finite  hub 

The  integrations  of  perforited  using 

mn 

desk  co«puter  and  SiBpson*f  first  and  second  rules. 
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PTf'sentatlon  of  ramitr 

Curvr?  ralatlnf  and  X  f or  3f  5  and  6 

bltdcdriorrllrif  hav'lnf  0.2,  0.3  and  O.W  hub  diameter 
ratio?  are  f  Iven  in  Flfurer  1-^*  A^P^'ndlx  B*  In 
addition,  eurvef  taken  from  Kianer’s  curve?  for  rero 
hub  and  ^  bladed  are  plotted  on  Figure  2  In  order  to 
fhov  a  connarlfon  vlth  propeller f  having  finite  hub*. 

For  more  convenient  uae  In  internolatlng  for 
valuer  of  Xjand  3^  between  those  given,  Tables  1-4, 
Appendix  A,  give  values  of  ar  a  function  of  Z, 

\ 

The  rerultf  presented  are  considered  accurate 
within  one  In  the  third  significant  figure  throughout 
the  range  covered. 
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3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

Xh  » 

0.2 

0.30 

3.35U 

3.8587 

4.2da 

4.6338 

4.9356 

5.1848 

0.60 

1.9089 

2.1860 

^.a77 

2,6104 

2.7715 

2.9066 

0.70 

1.0777 

1.227S 

1.3529 

1.4567 

1.5434 

1,6160 

0.80 

0.5632 

0.6386 

0.7011 

0.7529 

C.7961 

0.8322 

0.85 

0.3786 

0.4232 

C.4693 

0,5033 

0.5316 

0.5553 

0.90 

0.2278 

0.2S70 

0.2812 

' .3011 

" .3178 

0.3317 

0.95 

0.1034 

0.1164 

0.1271 

0.1360 

0.1433 

0.U95 

0.97 

0.0998 

0.0672 

0.0734 

0.0784 

".0827 

0.0862 

0.99 

0.0192 

0.0216 

0.0236 

0.0252 

0."265 

0.0276 

*h  * 

0.3 

0.50 

3.04a 

3.5161 

3.9152 

4.2510 

4.5316 

4.7690 

0.60 

1.7296 

1.9876 

2.2053 

2.3882 

2.540-9 

2.67130 

0.70 

0.97a 

l.lUO 

1.2313 

I.3306 

l.a30 

1.4826 

0.80 

0.5080 

0.5782 

0,6372 

:-.6o66 

‘  ,7278 

0.7626 

0.85 

o.3ai 

0.3873 

o.aei 

".45  J6 

0.4?57 

0.5085 

0.90 

0.2050 

0.2322 

0.2551 

■'.27a 

0.2901 

0.3035 

0.95 

0.0929 

0.1051 

0.1152 

.1237 

".1308 

0.1367 

0.97 

0.0537 

0.0607 

o.'>065 

'\07U 

C,0754 

0.0788 

0.99 

C.0173 

0.0195 

0.0213 

o.:a9 

o.c2a 

0.0252 

*h  • 

^  1 

0.50 

2.6321 

3.0563 

3.ai3 

3.7291 

3.9965 

4.22U 

0.60 

1.4917 

1.7240 

1.9239 

2.0918 

2,2380 

2.3608 

0.70 

0.8381 

0.9643 

1.0727 

1.1637 

1.2429 

1.3095 

0.80 

0.4361 

0.4995 

0,5540 

0.5996 

C.6394 

0.6728 

0.85 

0.2924 

0.3343 

0.3702 

0.4002 

0.4264 

0.4484 

0.90 

0.1755 

0.2002 

0.22U 

C.2391 

0,2546 

0.2675 

0.95 

0.0795 

0.0905 

0.0999 

0,1078 

0.1J47 

0.1204 

0.97 

0.0459 

0.0522 

0.0576 

0.0622 

0.0661 

0.0694 

0.99 

0.0148 

0.0168 

0,0185 

0.0199 

0.0212 

0.0222 

5.3954 

3.02<'8 

1.6774 

I' 

^  •  W  «r«r  • 

C.5753 

^.3434 

M547 

".''892 


4.9696 

2i7792 

1.5414 

0.7919 

0.5278 

0.3U9 

r.uis 

r.0817 

0.0262 


4.4142 

2.4662 

1.3665 

C.TOU 

0.4673 

r.2736 

0.1254 

0.0722 

0.0.i31 
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IAmI  thnmt  Co«fficl«at, 

for  rcOUBUKD  3ro|  •liars 

3.0 

3.5 

4.0 

4.9 

5.0 

5.5 

6.0 

C.2 

0.50 

3.7639 

4.2684 

4.6787 

5.0142 

5.2a2 

5.5150 

5.7034 

0.60 

2.U34 

2.4176 

2.6401 

2.82U 

2.9683 

3."'91S 

3.1931 

0,70 

1.2098 

1.3977 

lam 

1.5743 

1.6534 

1.7ia 

1.7730 

0.fl0 

0.63a 

0.7060 

0.7655 

0.8136 

0.8928 

c.a5i 

0.9119 

0.85 

0.081 

0.4734 

0.5U4 

0.5439 

0.5695 

0.5906 

0.6081 

0.90 

0.2591 

o,aia 

0.3068 

C.3294 

0.3404 

0.3528 

0,3630 

0.95 

0.100 

0.1278 

0.13a 

0.1469 

C.1539 

0.1590 

0.1635 

0.97 

o.om 

0.0743 

0.0801 

0.08a 

c.oa5 

0.0917 

0.09a 

0.99 

0.020 

0.0239 

0.0257 

0.0272 

0.0284 

0.0294 

0.0302 

0.3 

0.50 

3anA 

3.9646 

4.1505 

4.6647 

4.9212 

5.1331 

5.3117 

0,60 

1.9836 

2.2610 

2U5Q4 

2,6206 

2.7594 

2.8739 

2.9706 

0.70 

1.1172 

1.2560 

1.36a 

1.4600 

1.53U 

1.5959 

1.6477 

0.80 

O.SiO 

0.6519 

o.Toa 

0.7934 

0.7903 

0.82a 

0.8a5 

0.85 

0.3912 

0.4367 

0a735 

0.5032 

0.5274 

0.5474 

0.56a 

0.90 

0.2391 

0.2618 

0.2834 

C.3009 

0.3190 

0.3267 

0.33a 

0.95 

0.1066 

0.1184 

o.ua 

0.1397 

0.U20 

0.U72 

0.1515 

0.97 

0.060 

0.0684 

0.0739 

0.0783 

0.0819 

0,08a 

0.0873 

0,99 

0.0198 

0.0220 

0.0237 

O.C251 

0.02a 

0.0272 

0.0280 

0.4 

0.50 

3.0981 

3.5309 

3.8893 

4.ia3 

4.42U 

4.a56 

4.7967 

0.60 

1.7958 

1.9917 

2.18a 

2.3461 

2^776 

2.5869 

2.6799 

0.70 

0.9865 

1.1140 

1.2193 

1.3052 

1.3760 

10349 

i.a5o 

0.80 

0.5133 

0.5771 

0.6297 

0.6725 

0.7078 

0.7372 

0.7622 

0.85 

0.3462 

OJ862 

0.62a 

oum 

oam 

0O9U 

0.5078 

0.90 

0.2016 

0.2113 

0.2916 

0.26a 

00818 

0.2931 

0.3028 

0.95 

0.0936 

0.1046 

0.1136 

0.1209 

0.1270 

0.1320 

0.13a 

0.97 

0.09tt 

0.0104 

0.0695 

0.0697 

0.0732 

0.0760 

0,0785 

0.99 

0.0174 

O.om 

0.0220 

0.0224 

0.0239 

0.02U 

0.0252 
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3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

»  0.2 

C.50 

4.0250 

4.52U 

4.9182 

5.2370 

5,4954 

5.7070 

5.8817 

0.60 

2.2915 

2.5606 

2.7748 

4.9465 

3.0855 

3.1991 

3.2928 

0.70 

1.2932 

1.4377 

1.5524 

1.6440 

1.7181 

1.7785 

1.8283 

0.80 

r.6736 

0.7475 

0.8043 

0.8496 

0.8861 

0.9158 

0.9403 

0.85 

0.4560 

0.5012 

0.5383 

C.5679 

0.5917 

0.6111 

0,6271 

0.90 

0.2731 

0.3007 

0.3225 

0.3398 

0.3537 

0.3650 

0.3743 

0.95 

0.1239 

0.1362 

0.1458 

.  0.1534 

C.1595 

0.1645 

0.1686 

0.97 

0.0716 

0.0786 

0.08a 

0.0885 

0.0920 

0.^948 

0.0972 

0.99 

0«Ck30 

0.0253 

0.0270 

0.0284 

C.0295 

0.0304 

0.0311 

% 

»  0.3 

0.50 

3.78U 

4.2462 

4.6164 

4.9124 

5.1510 

5.3456 

5.5054 

0.60 

2.1482 

2.4C01 

2.6001 

2.7597 

2.8881 

2.9929 

3.0788 

0.70 

1.2098 

1.3451 

1.4522 

1.5375 

1.6060 

1.6619 

1.7077 

0.80 

0.6309 

0.6981 

0.7512 

0.7934 

0.8272 

0,8547 

0.8773 

0.85 

00236 

0U676 

0.5024 

0.5299 

0.5520 

0.5700 

0.5847 

0.90 

0.2545 

0.2804 

0.3007 

0.3168 

0.3297 

0.3402 

0.3488 

0.95 

0.1154 

0.1268 

0.1358 

0.1429 

0.1486 

0.1533 

0,1570 

0.97 

0.066? 

0.0732 

0.0784 

0.0824 

C.0857 

0.0883 

0.£?905 

0.99 

0.02U 

0.0235 

0.0252 

0.0864 

0,0275 

0,0283 

0.0290 

•  OA 

0.50 

3.4165 

3.8451 

4.1876 

4U638 

4.6862 

4.8678 

5.0180 

0.60 

1.9362 

2.1689 

2.3545 

2.5040 

2.6242 

2.7223 

2.8C35 

0.70 

1.0879 

1.2132 

1.3128 

1.3930 

1^574 

1.5100 

1.5535 

0.80 

0.5660 

0.6284 

0.6780 

0.7178 

0.7497 

0.7758 

''.7973 

0.85 

0.3796 

0.4206 

0.4530 

0.4791 

0.5000 

f.5171 

.5312 

0.90 

oam 

0.2519 

0.2710 

0.2862 

0U985 

C.3085 

'.3168 

0.1012 

00139 

r.U23 

0.1290 

0.1345 

0.1381 

1.1425 

0.0596 

0.0572 

0.0705 

<  •07U 

0.0775 

O.C800 

0.0821 

0*91 

0.0192 

0.Q2U 

0.0826 

0.0239 

0.0848 

0.0256 

r.C263 
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3.C 

3.5 

4.0 

4.5 

5.0 

6.0 

*li* 

0.2 

•  •••••••• 

ooooooooc 

iJKUi 

k. ym 

l, 3305 
0.7054 
0U740 
0.2S51 
0.1294 
n.074< 
0.0240 

4.69U 

2.6564 

]a9U 

0.7753 

0.5196 

0.3119 

0.1412 

0.0616 

0.0262 

5.0764 

2.6639 

i.6oa 

0.6300 

0.5555 

0.3326 

0.1504 

0.0666 

0.0279 

5.3630 

3.0265 

1.6697 

0.0731 

C.5636 

0.3492 

0.1576 

0.0909 
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